This paper presents the analysis and evaluation of the impact of clean sewage on the water in the Mordarka river, in the period 2012-2015. The analysis was conducted based on the collected and statistical research: the amount and composition of the purified sewage discharged to the receiver. The following pollution indices were tested: total suspended solids, BOD 5 , COD, total nitrogen and total phosphorus. On the basis of the obtained results it was concluded that the amount of purified wastewater discharge to the Mordarka river, did not contribute to the degradation of the water quality in that period of time. Moreover, the level of indicators: total suspended solid, BOD 5 and COD did not exceed the limit values from the regulation, which confirmed the effective protection of water quality in the Mordarka river. However, because of the high concentration of biogenic compounds in the purified wastewater effluents, the river is prone to eutrophication process.
INTRODUCTION
Water pollution is a serious threat to both the human health and the whole natural environment. It not only causes the limitation of water resources, but also increases the cost of water treatment for individual recipients or industry. Therefore, in order to ensure appropriate quality, water protection is nowadays one of the most important challenges posed to local governments [Piedgoń and Tchórzewska-Cieślak 2013; Policht-Latawiec and Kanownik 2013].
The main sources of pollution, causing degradation of surface water quality, include the wastewater generated as a result of ontological economic human activity. Hence, discharging untreated or dirty sewage to water receivers undoubtedly poses a threat to their entire ecosystems ; Policht-Latawiec et al., 2013; Młyński et al., 2016] .
Poland, as a member state of the European Union, is obliged to implement and comply with the regulations of the Water Framework Directive (WFD 2000) . Its provisions impose an obligation concerning the rational use and protection of water resources in accordance with the principle of sustainable development on an all member states. Compliance with the provisions of WFD is aimed at restoration of the high ecological quality for water ecosystems in river basins. Implementation of the WFD provisions on the territory of Poland took place, among other things, through the amendment of the Water Law Act. There is a provision that all agglomerations with more than 2,000 equivalent inhabitants should be equipped with a collective sewage system, completed with sewage treatment plant Miernik and Młyński 2014] .
Taking into account the above-mentioned information, the goal of this work is to assess the impact of the treated wastewater, discharged from the collective treatment plant, on the quality of the receiver waters. The analysis was conducted both in the aspect of the volume of the discharged waste water, as well as in relation to the pollution loads.
CHARACTERISTICS OF THE RESEARCH OBJECT
The considered waste treatment plant is a mechanical-biological facility situated in Mordarka (Limanowa commune, Limanowski district, Małopolskie Voivodeship) supporting 2083 PE in the research. Its maximum design capacity is 470 m 3 ·d -1 . The mechanical part includes basket screens and primary settling tank. On the other hand, biological treatment processes are carried out in two reactors, operating in the technology of activated sludge and in a secondary settling tank. After the secondary settling tank, the treated wastewater is directed to the receiver -Mordarka stream.
The Mordarka stream, which is a receiver of the treated wastewater, is located in the waster region of the upper Vistula River and it is the right-bank tributary of Sowlinka -a river located in the Dunajec basin. The average annual amount of precipitation in the basin is approx. 880 mm. The catchment area of the Mordarka stream is 16,94 km 2 , the length of the river is equal to 8.78 km, the watercourse decline amounts to 34.2‰, and the height difference of the catchment area is 300.5 meters above sea level. The Mordarka stream's catchment area is an urbanized area, where the development surface constitutes almost 10% of the total catchment area. However, it is mainly used for the agricultural purposes -70% of the area. In turn, forests constitute 20% of its total land cover. The basin's substrate is mainly composed of impervious soils, made of: glacial tills (medium and heavy), silty clays and loams, clays of various origins, dusts of various origins, dusts, clays and loams. Figure 1 presents the diagram of hydrographic network of the Mordarka stream in the background of the catchment area's use.
METHODOLOGY OF RESEARCHES
Realization of a specific objective of the work was carried out on the basis of the provisions in [Regulation… 2014 ], hereinafter referred to as the Regulation, which states that the sewage entering the receiver waters should not cause physical, chemical or biological changes that would hinder the proper functioning of water ecosystems and fulfillment of specific quality requirements by water. According to [Długosz and Gawdzik 2012], a negative impact of the treatment plant on the quality of the aquatic environment is significantly reduced when the volume of The authoritative flow to determine the degree of dilution for the wastewater introduced into surface waters is SNQ flow [Walkowicz 1988 ]. Since the Mordarka stream is an uncontrolled watercourse, the size of this flow was calculated in accordance with the Stachỳ formula [Byczkowski 1999 For each series of observations, including the daily outflows of the sewage from the sewage treatment plant and the values of the analyzed pollutant indices, the following descriptive statistics were determined [Młyński and Chmielowski, 2017] : position measures -minimum values (min), medium ( x ), maximum (max); measures of dispersion -standard deviation (s), coefficient of variation (Cs); measures for the shape of variable distribution -coefficient of skewness (A), kurtosis (K). All calculations were based on 29 determinants of each of the pollution indicators. Additionally, the number of exceedances for permissible the limit values of these indicators for domestic or municipal sewage discharged to the receiver (specified in the Regulation) was determined. (N dmax ) was indicated according to the following formula [Heidrich 1998 ]:
For the years 2012-2015, the value of the maximum daily unevenness coefficient for a daily amount of treated wastewater where: ].
The analysis was supplemented with the determination of the technological purification effectiveness (P sw ) indicator and the risk of negative operation of the sewage treatment plant R so . The technological purification effectiveness indicator is determined as the quotient of the number of pollutant samples consistent with the requirements of the Regulation and the total number of tested samples [Miernik and Wałęga 2006] :
where: n z -number of samples meeting the requirements of the Regulation concerning the quality of sewage discharged, N -number of all tested samples.
The risk of negative operation of the treatment plant was defined as the probability of exceeding the permissible value of individual pollutant indicators in sewage (outflow), in a greater number of samples than it is allowed by the applicable regulations. T is described as [Andraka 2011; Andraka and Dzienis 2013]:
where: n n -number of negatively assessed purified samples of sewage, n dop -maximum number of samples that may not meet the requirements of the Regulation.
TEST RESULTS AND THEIR ANALYSIS
Formation of the size for daily outflow of sewage in the years 2012-2015 from the analyzed sewage treatment plant to the Mordarka stream is presented in Figure 2 . Table 1 shows the descriptive statistics for the volume of the sewage treated in the examined period.
The calculated flow value SNQ for the Mordarka stream amounted to 0.056 m 3 ·s -1 , which means that the daily volume of the sewage discharged to the receiver should not exceed 480 m 3 ·d -1 (10% of SNQ). Therefore, the maximum permissible daily hydraulic load of the sewage treatment plant is 470 m 3 ·d -1 . On the basis of the conducted analysis, it was found that in the years 2012-2015, the daily volume of sewage discharged from the tested sewage treatment plant was characterized by a spread of 2064 m 3 ·d -1 . According to the Mucha's classification [1994] , the value of C s coefficient indicated a high variability of the dynamics of sewage in the analyzed years. The positive value of the skewness coefficient A presents the right-side asymmetry in the Q d distribution which is a consequence of the higher value Q davg than the median and modal value of these outflows. On the other hand, the value of kurtosis indicates the leptokurtic distribution of Q d , with a greater concentration of daily outflows around Q davg . On the basis of the calculations for N dmax coefficient, it was found that its value significantly differs from the figures presented in the literature. In the work prepared by Myszograj and Panek [2007] , it was found that for the settlement units with up to 5000 inhabitants, the N dmax value for project purposes is assumed at the level of 2.0. However, for the discussed wastewater treatment plant, this volume is almost four times higher. It should be emphasized that the adoption of a lower value of N dmax at the design stage leads to the hydraulic overload of the object during its operation. Consequently, it may affect the reduction in the efficiency of devices in the technological chain of the treatment plant [Bugajski 2006 ]. In the analyzed multiannual period, the maximum daily hydraulic capacity of the facility was exceed in 83 daily periods, which constitutes 7% in relation to the entire research period. Furthermore, it was found that the volume of effluent sewage was higher than 10% SNQ of the receiver in 76 daily periods. This constituted 6% of the examined period. However, it should be emphasized that exceedances occurred mainly in the early spring or summer period. This leads to the conclusion that these exceedances were caused by the inflow of external waters to the sewage system. In the early spring months, it was probably water from snow cover thawing, while in the summer period -their source could have been increased by the atmospheric precipitation. Infiltration waters are one of the main factors causing hydraulic overflows in the sewage treatment plants, and in consequence -the exceedance in the amount of 10% of SNQ [Kaczor 2011; Kaczor et al., 2013] . However, by referring to Q davg in the multiannual period to SNQ, it was found that the average daily volume of wastewater discharged in the period 2012-2015 is less than 6% of the receiver's reliable flow. Hence, the amount of the sewage entering the receiver in the study period should not result in a deterioration of the quality status for wasters in the Mordarka stream.
In order to determine the dynamics of changes in the composition of the treated sewage in the analyzed treatment plant, descriptive statistics were determined for the analyzed series of observational pollution indicators. Moreover, the number of exceedances for permissible values of pollutant indicators at the outflow regulated by the Regulations (D gr ) was determined. The results of calculations are presented in Table 2 .
On the basis of the results presented in Table 2 , it was found that according to the Mucha's classification [1994] , the dynamics of changes in the formation of pollution indicators from the organic group (BOD 5 and COD) in the years 2012-2015 remained at a low level. This is indicated by the values of C s coefficient. In turn, for the total suspension and biogenic indicators (TN and TP), C s coefficient indicates high variability of concentration for these indicators. For the studied observational series of pollution indicators, the values of skewness coefficient A point at the right-sided asymmetry for the distribution of variables, except for TP, which is characterized by the left-sided asymmetry (negative value of A coefficient) On the other hand, the kurtosis values for biogenic indicators pointed at the platykurtic distribution of these variables, in contrast to other indicators characterized by leptokurtic distribution (positive values of K indicator). It should be noted that for BOD 5 , COD and total suspension, no exceedance of permissible values at the outflow was observed -mandated by the Regulation. However, in the case of biogenic indicators, these exceedances were observed in the majority of the examined samples. The analysis was supplemented by determining the treatment plant operation reliability indicators: technological purification efficiency P sw and the risk of negative purification assessment R so . The calculation results are summarized in Table 3 .
By analyzing the results summarized in Table 3 , it was found that in relation to the pollution indicators from the organic group and total suspension, the tested facility showed correct and reliable operation. This is evidenced by the values of P sw and R so coefficients. Particularly unfavorable course of R so size was noted for the biogenic pollution indicators. The values much greater than 1.0 indicate that the number of samples not meeting the quality requirements in accordance with the Regulation was significantly higher than the permissible number established in the current regulations (according to the Regulation for 29 measurements -maximum: 4). Hence, there is a very high risk of negative assessment of purification for sewage in relation to total nitrogen and total phosphorus. It is assumed that the increased values of TN in the effluent may have been caused by the performance of nitrification processes at the temperature of sewage lower than 12˚C. According to Bugajski [2008] and Bugajski et al. [2015] , the sewage temperature is an important factor affecting the nitrogen reduction processes in the sewage treatment plants based on the activated sludge technology. At the temperature below 12˚C, there is a significant slowdown in the nitrification processes. In turn, the increased concentration of TP in the sewage (effluent) can be connected with the lack of additional installation in the treatment plant for dosing chemical agents supporting the precipitation of phosphorus. 
CONCLUSIONS
On the basis of the conducted researches, it was found that in the multi-year period 2012-2015, the average volume of sewage discharged from the treatment plant to the receiver was approx. 6^ of the reliable flow SNQ of the Mordarka stream. Exceeding of the sewage treatment plant maximum daily flow capacity was noticed in 83 days. In the analyzed multi-year period, no exceedance of limit values for BOD 5 , COD and total suspension in the treated wastewater (according to the guidelines presented in the Regulation) was reported. However, it was found that the permissible concentration was exceeded in 20 out of 29 tested samples for eutrophic indicators, i.e. total nitrogen and total phosphorus (in 56% of sewage samples).
The conducted studies showed that the average daily volume of the sewage introduced into the Mordarka stream in the years 2012-2015 does not adversely affect the quality of the receiver waters. This means that in the studied multi-year period, the amount of the treated sewage did not change the water quality class. In terms of the rate of reduction for BOD 5 , COD and total suspension indicators, the sewage treatment plant was functioning properly, so that the water quality of the receiver was not degraded. Due to the high concentration of biogenic compounds, the Mordarka stream was exposed to the eutrophication processes. Therefore, it is recommended to ensure continuous monitoring related to the removal of total nitrogen and total phosphorus in the determined sewage treatment plant, as well as the quality control for receiver's waters. Moreover, it should be emphasized that due to the agricultural use of the Mordarka stream's catchment area, the biogenic compounds that infiltrate into the water by flushing from agricultural areas may constitute an additional eutrophication threat for the watercourse. Therefore, continuous monitoring of total nitrogen and total phosphorus concentrations and the susceptibility of a receiver to eutrophication seems to be justified.
